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© The present disclosure relates to an infrared ray 
moisture meter which measures moisture of paper 
using absorption of infrared rays, and more particu- 
Tarly to an infrared ray moisture meter in which 
penetration and scattering by paper is done enough 
independent of whether the paper is thin or thick, the 
sensitivity of which is high, and in which attenuation 
of rays is small and error of measurement with 
respect to misalignment in the XY direction is small, 
and at the same time, which lowers the influence of 
the quality of the paper by applying to the paper 
infrared rays which are sensitive to moisture, infrared 
rays which are sensitive to cellulose, and infrared 
rays which are sensitive neither to moisture nor 
cellulose and by computing using detection output 
by the infrared rays. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an apparatus 
which measures moisture of paper in a paper ma- 
chine, etc. 

Description of the Prior Art 

Figs. 1 through 3 show conventional moisture 
meters which measure moisture of paper in a pa- 
per machine, etc. 

In Fig. 1, a light emitting portion 1 and a light 
detecting portion 2 are disposed so as to face each 
other with paper 3, which is an object to be mea- 
sured, sandwiched between them. 

At the light emitting portion 1 , rays from a light 
source 6 are made to be parallel rays by a lens 7, 
are further made to be intermittent rays by a chop- 
per wheel 8, and are applied to the paper 3 
through an irradiation window 4. The chopper 
wheel 8 is provided with a filter 9 which transmits 
rays the wavelength of which rays is 1.94um and 
which rays are absorbed by moisture (M rays) and 
a filter 10 which transmits rays the wavelength of 
which rays is 1.8am and which rays are not ab- 
sorbed by moisture (R rays). According to rotation 
of the chopper wheel 8. the chopper wheel 8 
applies to the paper 3 the M rays and the R rays 
by turns. At the light detection portion 2. the rays 
which penetrate the paper 3 are introduced from an 
incidence window 5, focused by a lens 11, and 
focused on a light detector 12. At the light detector 
12, the M rays and the R rays are detected in time 
sequence and given to a computing unit 13. Then, 
computing of Vr/V m is conducted and the result is 
outputted. 

In a conventional moisture meter which is 
shown in Fig. 2, at the light emitting portion 1 , rays 
from the light source 6 are made to be parallel rays 
by the lens 7, are made to be intermittent rays by 
a chopper wheel 8*. and are applied to the paper 3 
through the irradiation window 4. Filters such as 
mounted on the conventional moisture meter which 
is shown in Fig. 1 are not mounted on the chopper 
wheel 8* and the chopper wheel 8' is used solely 
for the purpose of getting rid of the influence of 
stray light White light which is applied from the 
irradiation window 4 is under multiple reflection at 
irregular reflection surfaces 16 and 17 which are 
provided on the surface of the light emitting portion 
1 and on the surface of the light detecting portion 

2, respectively, which face each other with the 
paper 3 sandwiched between them. Then, the white 
light is introduced in the light detecting portion 2 
from the incidence window 5 which incidence win- 
dow 5 is provided so as to be misaligned with 
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respect to the irradiation window 4. 

At the light detecting portion 2, the introduced 
light is divided in two by a beam spritter 18. One 
group of the divided light is introduced to the light 

s detector 12 through the filter 9 which transmits the 
M rays and through the lens 1 1 . The other group of 
the divided light is introduced to a light detector 12* 
through the filter 1 0 which transmits the R rays and 
through a lens 11\ The M rays which are detected 

w by the light detector 12 and the R rays which are 
detected by the light detector 12* are given to the 
computing unit 1 3 at the same time. Then, comput- 
ing of V R A/ M is conducted and the result is output- 
ted. 

75 Fig. 3 shows still another conventional moisture 

meter. Spherical mirrors 20 and 21 are disposed 
with the openings covered by dustproof glass 22 
and 23 and with the paper 3 sandwiched betw en 
them. In this moisture meter, rays which are ap- 

20 plied by the light source 6 and which are made to 
be intermittent rays by the chopper wheel 8 having 
the two kinds of filters that are referred to abov 
are applied to the paper 3 through an irradiation 
window 5. Then, the rays which penetrate the pa- 

25 per 3 or which are scattered by the paper 3 reach 
the light detector 12 after penetrating the paper 3 a 
plurality of times by being reflected at the inner 
surface of the sphere and by being applied to the 
paper 3 again. The computing of V R A/ M is con- 

30 ducted in the same way as in the examples which 
are shown in Figs. 1 and 2 by a computing unit 
(not shown) using the detected rays and an electric 
signal which is related to the moisture of the paper 
3 is outputted. 

35 In the conventional infrared ray moisture me- 

ters which are referred to above, M rays and R 
rays are applied to paper, and the ratio of the 
output V R of the R rays which penetrate the paper 
to the output V M of the M rays which penetrate the 

40 paper, that is, V R A/ M is computed and an electric 
signal which is related to the moisture weight of the 
paper is obtained. 

In an on-line measurement, as the relationship 
between the moisture weight and the output of the 

45 moisture meter subtly changes depending on the 
kind of the pulp which is the raw material of the 
paper and the basis weight of the paper, calibration 
curves are made using samples which are pre- 
pared in advance, the calibration curves are input- 

50 ted to the computer, a calibration curve the char- 
acteristics of which are the nearest to the kind and 
the basis weight of the paper to be manufactured is 
selected, and the moisture weight of the paper is 
obtained using the calibration curve. 

55 However, the number of calibration curves 

which can be inputted to the computer is limited 
(for example, eight) and all objects to be measured 
can not be covered. In a conventional moisture 
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meter, even with respect to paper made from pulp 
of the same kind, if the basis weight is different, 
the gap between the calibration curves is big. 

Fig. 4 shows calibration curves which are ob- 
tained using three kinds of samples in the conven- 
tional moisture meter which is shown in Fig. 2. In 
Fig. 4, the vertical line designates the output of the 
moisture meter which is given by K # (V R /V M ) (K: 
constant). The horizontal line designates the mois- 
ture weight [g/m 2 ] of the paper. Ci is a calibration 
curve when the basis weight of the paper is small, 
C2 is a calibration curve when the basis weight of 
the paper is medium, and C 3 is a calibration curve 
when the basis weight of the paper is large. 

For example, when the moisture weight is 25 
[g/m 2 ], the output of the moisture meter according 
to the calibration curve Ci is the smallest and the 
output of the moisture meter according to the cali- 
bration curve C3 is the largest. The reason that the 
output according to the calibration curve C3 is 
larger even the moisture weight is the same is 
supposed to be that, when the basis weight is 
large, the number of times of the reflection and 
scattering within the paper increases, the optical 
path length becomes substantially longer, the M 
rays are absorbed by moisture more, and the value 
of the output V M becomes smaller. When the mois- 
ture weight is 25 [g/m 2 ], if the output of the mois- 
ture meter according to the calibration curve Ci is 
regarded as the standard, there is a gap Di be- 
tween the calibration curve Ci and the calibration 
curve C3 which gap Di is 12.5[g/m 2 ] if converted 
into moisture weight. If the gap is large, a gap di 
between an object to be measured which is shown 
by a broken line and the calibration curve C2 which 
is selected as the calibration curve the characteris- 
tics of which are the nearest to that of the object is 
large, which causes error of measurement. Further, 
the output according to the conventional system is 
shown as moisture weight but generally, as a value 
according to which the quality of paper is to be 
controlled, moisture percentage is more conve- 
nient Therefore, in addition to moisture weight, the 
basis weight of the paper is obtained to calculate 
moisture percentage. 

Among the conventional infrared ray moisture 
meters which are referred to above, the one which 
is shown in Fig. 1 has advantages that the arrange- 
ment is simple and the attenuation of the quantity 
of rays is small, but on the other hand, as the 
object to be measured is only one point of the 
paper, there is a problem that, if the paper is thin, 
the moisture meter can not be sensitive. In the 
moisture meter which is shown in Fig. 2, as the 
optical axis of the light emitting portion and the 
optical axis of the light detecting portion are mis- 
aligned, the number of times of meeting of the rays 
with the paper is large. However, the range of the 



rays which are scattered at the paper is 180° at 
the widest, and rays which meets with the paper 
only once are included. Therefore, the sensitivity of 
the moisture meter is not satisfactory. Further, 
5 there is a problem that if the optical axis of the light 
emitting portion is shifted more from the optica! 
axis of the light detecting portion in order to de- 
crease the influence of rays which penetrate the 
paper only once, the quantity of rays is decreased 

10 (The conventional moisture meter is designed so 
that the optical axes of the light emitting portion 
and of the light detecting portion may be shifted 
from each other by about 60mm, and the distance 
between the upper reflector and the lower reflector 

75 may be about 6-8mm). 

As for the moisture meter which is shown in 
Fig. 3, as rays which do not penetrate and are not 
scattered by the paper so many times (low-sen- 
sitive rays which do not meet with water molecules 

20 enough) are included in the rays to be detected, 
there is a problem that the sensitivity of moisture 
detection is low. Further, in this method, the sen- 
sitivity is different depending on whether the paper 
is thin or thick, and accordingly, there is a problem 

25 that the influence of the quality of paper is great. 

Further, in the conventional moisture meters 
which are referred to above, if the axis of the head 
which contains the light emitting portion and the 
axis of the head which contains the light detecting 

30 portion are misaligned within a horizontal plane, a 
great error is caused, and accordingly, there is a 
problem that mechanical or electrical correcting 
means for correcting the error is necessary. 

The present invention is made to solve the 

35 problems of conventional moisture meters which 
are referred to above, and the object of the present 
invention is to provide an infrared ray moisture 
meter in which transmission and scattering by pa- 
per is done enough independent of whether the 

40 paper is thin or thick, the sensitivity of which is 
high, and in which attenuation of rays is small and 
error of measurement with respect to misalignment 
in a horizontal plane is small, and to provide an 
infrared ray moisture meter in which the influence 

45 of the quality of paper is lowered, the shift of 
calibration curves is small, and moisture percent- 
age is directly outputted. 

SUMMARY OF THE INVENTION 

50 

Accordingly, the object of the present invention 
is to provide an infrared ray moisture meter for 
measuring moisture contained in paper which 
lowers the influence of the quality of the paper and 
55 which comprises a light detector which detects 
rays which come through the paper and which 
generates a signal for measuring moisture, an up- 
per reflector and a lower reflector which have re- 
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turning portions at their periphery and which are 
disposed so as to sandwich the paper, a shielding 
plate both sides of which are mirror finished and 
which is disposed between the paper and the lower 
reflector, applying means for applying to the paper 
infrared rays of a first wavelength range which are 
absorbed by moisture, infrared rays of a second 
wavelength range, which are absorbed by cellulose, 
and infrared rays of a third wavelength range which 
are absorbed neither by moisture nor by cellulose, 
detecting means for detecting the infrared rays of 
the first wavelength range, the infrared rays of the 
second wavelength range, and the infrared rays of 
the third wavelength range from the rays which 
penetrate and are scattered by the paper and for 
generating output which corresponds to the inten- 
sity of the respective range of the infrared rays, 
and calculating means for calculating according to 
the output of the detecting means. 

BRIEF DESCRIPTION OF THE DRAWING 

Figs. 1 through 3 are views which show conven- 
tional moisture meters; 

Fig. 4 is a graph of characteristics of calibration 

curves which are obtained by the conventional 

moisture meter that is shown in Fig. 2; 

Fig. 5 is a sectional perspective view which 

shows an infrared ray moisture meter as an 

embodiment of the present invention; 

Fig. 6 is a graph which shows the relationship 

between a signal of measurement (Vr/Vm), MW, 

and calibration curves in a conventional moisture 

meter; 

Fig. 7 is a graph which shows the relationship 
between a signal of measurement (V R /V M ), MW, 
and calibration curves in a moisture meter of the 
present invention; 

Fig. 8 is a theoretical block diagram of an in- 
frared ray moisture meter of the present inven- 
tion which uses rays of three different 
wavelength range; 
. Fig. 9 is a graph of characteristics of calibration 
curves which are obtained by an infrared ray 
moisture meter of the present invention; 
Fig. 10 is a comparative table of calibration 
curves which are obtained by an infrared ray 
moisture meter of the present invention which 
uses rays of three different wavelength range 
and calibration curves which are obtained by a 
conventional moisture meter; 
Rg. 11 is a sectional view which shows an 
embodiment of the present invention wherein 
the outer diameter of an upper reflector is 
formed so as to be smaller than the outer diam- 
eter of a lower reflector; 

Rg. 12 is a graph which shows the relationship 
of the amount of misalignment and error of 
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moisture percentage when the outer diameter of 
the upper reflector is formed so as to be of the 
same size as the outer diameter of the lower 
reflector; 

5 Fig. 13 is a graph which shows the relationship 

of the amount of misalignment and error of 
moisture percentage when the outer diameter of 
the upper reflector is formed so as to be smaller 
than the outer diameter of the lower reflector; 

io and 

Fig. 14 is a sectional perspective view which 
shows an embodiment of the present invention 
wherein the measurement width is made to be 
narrow. 

75 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 5 is a partial sectional perspective view 

20 which shows an embodiment of an infrared ray 
moisture meter of the present invention. 

In Fig. 5, the side which faces paper 3 of an 
upper reflector 30 is mirror finished. A light emit- 
ting hole 30a is formed at the center of the upper 

25 reflector 30. A return ring 30b is formed at the 
peripheral portion of the upper reflector 30. The 
return ring 30b is convex and the section of its 
inner circumference face meets at about 60* to the 
perpendicular of the mirror finished face. 

30 The side which faces the paper 3 of a lower 

reflector 31 is also mirror finished. A light detecting 
hole 31a is formed at the center of the lower 
reflector 31. A return ring 31b is formed at the 
peripheral portion of the lower reflector 31. The 

35 return ring 31b is convex and the section of its 
inner circumference face meets at about 60* to the 
perpendicular of the mirror finished face. 

Both of the sides of a shielding plate 32 are 
mirror finished. A conical protrusion (a conical mir- 

40 ror) 33 the surface of which is mirror finished is 
provided at the center of one of the sides of the 
shielding plate 32. The shielding plate 32 is fixed 
by a plurality of supporting poles (not shown) in the 
space between the lower reflector 31 and the paper 

45 3 so as to be as high as the upper portion of the 
return ring 31b of the lower reflector 31. The coni- 
cal mirror 33 is disposed on the side of the light 
detecting hole 31a. The center of the shielding 
plate 32 is preferably aligned with the axis of the 

so upper reflector 30 and the axis of the lower reflec- 
tor 31. 

The upper and lower reflectors 30 and 31 
sandwich the paper 3 the moisture contained in 
which is to be measured. The upper and lower 
55 reflectors 30 and 31 are disposed so as to be as 
adjacent as possible to each other taking neces- 
sary allowable range into consideration and form 
light emitting space 34 and light detecting space 

4 



EP 0 453 797 A2 



35. Although not shown in Fig. 5, a light source is 
disposed over the light emitting hole 30a which 
light source applies M rays the wavelength of 
which is 1.94um and which is absorbed by mois- 
ture and R rays the wavelength of which is 1 .8um 
and which is not absorbed by moisture, and ele- 
ments such as a calculating portion which conducts 
calculation of moisture based on output of a light 
detector 12 which are necessary for a moisture 
meter are provided at the subsequent stage of the 
light detector 12. 

In the above arrangement, among rays which 
are applied from the light emitting portion to the 
surface of the paper 3, rays which are scattered at 
the surface of the paper 3 are reflected at the 
upper reflector 30, and rays which penetrate the 
paper 3 are reflected at the shielding plate 32 and 
are returned to the paper. In this way, rays which 
penetrates or are scattered at the paper 3 and 
which are conveyed around are mainly reflected at 
the reflecting surface of the upper reflector 30, are 
returned to the center portion, and repeat penetra- 
tion of or scattering at the paper 3. A part of the 
rays are reflected between the shielding plate 32 
and the lower reflector 31 and reach the conical 
mirror 33 under the shielding plate 32. The conical 
mirror 33 has a function of leading the rays effec- 
tively to the light detector 12. 

The applicant of the present invention has con- 
ducted an experiment under the condition that the 
outer diameter of the upper and the lower reflectors 
is 60mm. the height hi of the upper return ring 30b 
is 2.5mm, the height h2 of the lower return ring 31b 
is 5.0mm, the distance h3 from the upper return 
ring 30b to the paper and the distance h4 from the 
lower return ring 31b to the paper are 2.0mm f the 
diameter of the shielding plate 32 is 30mm, the 
distance from the surface of the shielding plate to 
the paper is 2.0mm, the diameter of the light emit- 
ting hole 30a is 3mm. the diameter of the light 
detecting hole 31a is 18mm, and all other con- 
ditions are the same as that of a conventional 
moisture meter. 

Figs. 6 and 7 show calibration curves of the 
conventional moisture meter which is shown in Fig. 
2 and the moisture meter of the present invention 
which is referred to above when, with respect to six 
kinds of paper, MW (moisture weight per unit area) 
is found based on a signal of measurement (V R /V M ) 
and the moisture percentage of the paper 
(MW/BWx100% ... BW; paper weight per unit area) 
is calculated based on the above value so that 
measurement may be conducted within an accu- 
racy of i 0.1% (an accuracy of ± 0.1% shall mean, 
for example, when the moisture percentage is 5%, 
the error of measurem nt is within the range of 
4.9% - 5.1%). With the conventional moisture me- 
ter, as shown in Fig. 6, five calibration curves are 



necessary to obtain an accuracy of ± 0.1%. On the 
other hand, with the moisture meter of the present 
invention, as shown in Fig. 3, only three calibration 
curves are necessary. 
5 According to the above arrangem nt, rays 

which come from the light emitting hole first pene- 
trate or are scattered by the paper. These rays are 
reflected between the shielding plate and the upper 
reflector and meet with the paper a plurality of 
10 times. After the rays reach the periphery of the 
shielding plate, a part of the rays repeat diffraction 
between the lower reflector and the rear surface of 
the shielding plate and then reach the light detec- 
tor. On the other hand, rays which repeats meeting 
is with the paper further toward the periphery of the 
reflectors are returned by the return rings and 
again reach the periphery of the shielding plate, 
and a part of the rays are diffracted toward the rear 
surface of the shielding plate, repeat penetration 

20 and scattering, and reach the light detector. As a 
result, rays which are low in sensitivity of moisture 
detection, for example, rays which penetrate the 
paper only once, do not reach the light detector, 
which follows an improvement of sensitivity. 

25 Further, as the moisture meter is arranged to 

return rays to the side of the light detector (in the 
direction of the center) by the return rings, the 
confining effect is made to be high, the quantity of 
rays of detection is made to be large, and the 

30 same optical system can measure moisture of both 
paper of low basis weight (for example, about 
30g/m 2 ) and paper of high basis weight (for exam- 
ple, about I50g/m 2 ). 

Still further, as rays which meet with enough 

35 water molecules and which penetrate and are scat- 
tered by paper enough are detected independent 
of whether the paper is thin or thick, the influence 
of the quality of the paper is lowered. 

Also, as the rays are returned by the return 

40 rings, only a small area of paper to be measured is 
necessary in order to obtain rays of the same 
optical path length as that of a conventional meter. 

Fig. 8 is a theoretical block diagram of an 
infrared ray moisture meter with which the influ- 

45 ence of the quality of paper is lowered, the shift of 
the calibration curves is made to be small, and 
moisture percentage can directly be outputted. 

In Fig. 8, a numeral 6 designates a lamp and a 
numeral 7 designates a condenser lens. Filters 41 . 

so 42, and 43 each of which selectively transmits 
infrared rays of a predetermined wavelength range 
are disposed on a filter wheel 8 so as to be 
disposed on a concentric circle of the filter wheel 
8. Four cut-outs 8a, 8b, 8c, and 8d for generating a 

55 synchronisation signal are provided at the periph- 
ery of the filter wheel 8. A photo interruptor 44 in 
which an LED and a phototransistor are disposed 
so as to face each other and so as to sandwich the 
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peripheral portion of the filter wheel 8 generates a 
synchronisation pulse every time the cut-out 8a, 
8b f 8c, or 8d passes the photo interruptor 44. A 
synchronisation signal circuit 45 generates a syn- 
chronisation signal based on a synchronisation 
pulse from the photo interruptor 44. 

A numeral 3 designates paper to be measured, 
a numeral 12 designates a light detector, and a 
numeral 46 designates an amplifier. Sample-and- 
hold circuits 47, 48, and 49 convert an alternative 
current signal which is given by the light detector 
12 to a direct current signal according to a synch- 
ronisation signal from the synchronisation signal 
circuit 45. An arithmetic circuit 13 calculates sig- 
nals which are given by the sample-and-hoid cir- 
cuits 47. 48, and 49 and generates moisture meter 
output V 0 . 

Next, the operation of the moisture meter as an 
embodiment of the present invention is described. 
According to the rotation of the filter wheel 8, 
infrared rays the wavelength of which is 1.94um 
and which pass the filter 41, infrared rays the 
wavelength of which is 2.1um and which pass the 
filter 42, and infrared rays the wavelength of which 
is 1.8um and which pass the filter 43 are applied 
by turns to the paper 3. Penetrating rays and 
scattered rays based on these three kinds of in- 
frared rays are detected by the light detector 12. 
Then, detection output V M with respect to the in- 
frared rays the wavelength of which is 1.94um, 
detection output V c with respect to the infrared 
rays the wavelength of which] is 2.1 um, and detec- 
tion output V R with respect tri the infrared rays the 
wavelength of which is 1 .8iIJn are given in a form 
of an alternative current signal to the sample-and- 
hold circuits 47. 48, and 49^ By a synchronisation 
signal which is given to the^ircuits 47. 48. and 49 
by the synchronisation signal circuit 45. the alter- 
native current signal is converted to a direct current 
signal. Then, the output V M . Y c . and V R is outputted 
from the sample-and-hold circuits 47. 48, and 49, 
respectively. 

At the arithmetic circuit 13, optimum constants 
a and b are set and the following calculation is 
conducted: 

V 0 ={£n(a-V M /VR)}/{ln(b-VcA/ R ) (1) 

As a result, V D becomes a function of only the 
moisture weight (MW) and the cellulose weight 
(CW) (MW/CW), and one calibration curve is made 
independent of whether the basis weight is large or 
small and what kind of pulp the paper is made of. 

In the equation (1 ). error of the moisture meter 
caused by change of optical path length according 
to the enlargement of the basis weight is lowered 
by dividing V M by V c which have the same kind of 
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optical path length. The reason for dividing V M and 
V c by V R is to remove the influence of loss by 
scattering. Further, as the absorption signal of 
moisture is divided by the absorption signal of 

5 cellulose, a signal which is related to moisture 
percentage (moisture weight / cellulose weight) is 
outputted, and by conducting ash content correc- 
tion, moisture percentage alone can be outputted. 
Fig. 9 shows calibration curves of seven speci- 

io mens of newsprint using a system of the present 
invention (as some of the calibration curves lie on 
another, five calibration curves are shown). The 
vertical line shows V Q as referred to above, and the 
horizontal line shows MW/CW [%]. 

is The moisture percentage is expressed as fol- 

lows: 

1/{1 +(CW/MW)*{I/(1-A)}* 100[%] (2) 

A; ash percentage = ash weight ' bone dry weight 

20 

Accordingly, if (MW/CW) is found, moisture per- 
centage can be outputted alone. 

In this case, ash content correction has to be 
conducted with respect to every paper. However, 
25 the influence of change of the ash percentage A of 
the equation (2) on the moisture percentage is 
small, and ash percentage which is found in ad- 
vance using samples can be used. 

Fig. 10 shows comparison between calibration 
30 curves of a moisture meter as an embodiment of 
the present invention which uses rays of three 
different wavelength range and calibration curves of 
a conventional moisture meter of two-filter method. 
As is clear from Fig. 10, with respect to five speci- 
35 mens of sample, the standard deviation of error of 
moisture percentage is lowered from 1.00 to 0.62 
[%]. Also, with respect to seven specimens of 
newsprint, the standard deviation of error of mois- 
ture percentage is lowered from 0.37 to 0.11 [%]. 
40 As for the maximum error of moisture percentage, 
with respect to the five specimens of sample, it is 
lowered from +3.65. -1.13 to +1.82. -1.12 [%]. 
With respect to the seven specimens of newsprint, 
the maximum error of moisture percentage is 
45 lowered from +1.35, -0.47 to +0.20, -0.35 [%]. 

Here, the standard deviation means standard 
deviation of one calibration curve which is obtained 
from calibration curves of each sample so that the 
error of moisture percentage may be the minimum 
so (a moisture percentage error minimum calibration 
curve) and calibration curves of the sample (the 
range of moisture percentage is from 2% to 12%). 
The maximum error is the maximum value of plus 
and minus of error of moisture percentage between 
55 the moisture percentage error minimum calibration 
curve and the calibration curves of the sample 
within the range of 2% and 12%. 

In the moisture meter of the present invention, 

6 



t 



11 



EP 0 453 797 A2 



12 



the infrar d rays the wavelength of which is 
1.94um, the infrared rays the wavelength of which 
is 2.1 um, and the infrared rays the wavelength of 
which is 1 .8um are separated by the filter whe I 8 
and then applied to the paper 3. However, white 
light may be applied to the paper 3 and infrared 
rays of each wavelength may be separated from 
the light after penetrating or being scattered by the 
paper 3. 

Further, in the moisture meter of the present 
embodiment, In is used as the function f, but a 
function such as log or X-{(x-1 )*/2}-1 of polynomial 
expansion may be used as long as the function 
outputs an approximate value of logarithm. 

According to the present invention, an infrared 
ray moisture meter with which moisture of paper is 
measured with the influence of the quality of the 
paper lowered, with shift of the calibration curve 
small, and which can directly output moisture per- 
centage can be materialized. 

Next, a moisture meter of the present invention 
in which error when misalignment is caused be- 
tween the upper reflector 30 disposed on the light 
emitting side and the lower reflector 31 disposed 
on the light detecting side of Fig. 5 is prevented is 
described. 

Generally, in an on-line measurement of mois- 
ture of paper, a light emitting portion and a light 
detecting portion are disposed on two arms, re- 
spectively, which arms are parallel to each other, 
paper moves between the arms, and further, in 
order to measure the whole area of the width of the 
paper, the light emitting portion and the light de- 
tecting portion move orthogonally with respect to 
the machine direction along the arms. Accordingly, 
the position of the upper reflector 30 disposed on 
the light emitting side and the position of the lower 
reflector 31 disposed on the light detecting side 
(see Rg. 1) are not always aligned with each other 
and misalignment, for example, in a horizontal di- 
rection or the vertical direction is caused. As this 
misalignment is followed by error of measurement, 
conventionally, various kinds of electrical or me- 
chanical correcting means are proposed. With the 
moisture meter of the present invention which is 
shown in Fig. 5, the same kind of error which is 
caused by the misalignment also can not be pre- 
vented from happening. 

When the upper and lower reflectors 30 and 31 
are horizontally misaligned, the confining effect of 
the rays is lowered and the conditions of reflection 
with the shielding plate 32 are changed, and thus 
the quantity of rays of detection is decreased and 
the sensitivity is lowered. 

Fig. 11 is a partial sectional view of an embodi- 
ment with which error caused by misalignment of 
the light emitting portion and the light detecting 
portion is prevented from happening. In this em- 



bodiment, an improvement in the horizontal mis- 
alignment as referred to above is made. The outer 
diameter of the upper reflector 30 is made to be 
smaller than the outer diameter of the lower reflec- 

5 tor 31. The lower reflector 31 is necessary for 
increasing the quantity of rays of detection. On the 
other hand, as detection of moisture is conducted 
on the area where the upper and lower surfaces 
are overlapped, the range of measuring moisture is 

w the area where the upper reflector 30 exists. 

According to the arrangement as referred to 
above, as far as the upper reflector 30 horizontally 
moves within the area over the lower reflector 31, 
the sensitivity of moisture detection and the quan- 

75 tity of rays are maintained at a predetermined 
level. 

Figs. 12 and 13 show an example of an experi- 
ment using six kinds of paper of the relationship of 
the misalignment and error of moisture percentage 

20 in case the outer diameter of the upper reflector 30 
is formed to be the same size as the outer diam- 
eter of the lower reflector 31 (Fig. 12) and in case 
the outer diameter of the upper reflector 30 is 
formed to be smaller than the outer diameter of the 

25 lower reflector 31 (Fig. 13) of the moisture meter 
using the rays of three different wavelength range 
of the present invention which is shown in Fig. 8. 
The results are the errors of moisture percentage 
from a standard moisture percentage when there is 

30 no alignment (the upper reflector 30 is coaxial with 
the lower reflector 31) of moisture percentage 
(MW/BWX100%) found by signals which are ob- 
tained by moving the upper head by every 1mm 
from the center with the lower head fixed. 

35 As is clear from Figs. 12 and 13, by changing 

the diameter of the upper reflector 30 from the 
diameter of the lower reflector 31, the movement 
characteristics can be greatly improved (generally, 
the quantity of misalignment between the upper 

40 and the lower heads is about ± 1.5mm, but in Fig. 
12, with respect to tracing paper-1 and tracing 
paper-2, the error as to the misalignment of 2mm 
is over 0.2%. On the other hand, in Fig. 13, when 
the misalignment is 2mm, the error is within 0.2% 

45 with respect to every kind of paper, and the error 
of moisture percentage is improved). 

In the experiment, a moisture meter in which 
the outer diameters Di and D2 of the upper and 
the lower reflectors 30 and 31 are both 40mm and 

50 a moisture meter in which the outer diameter Di of 
the upper reflector 30 is 40mm and the outer 
diameter D2 of the lower reflector 31 is 50mm are 
used. The diameter di of the light emitting hole, 
the diameter d 2 of the light detecting hole, and th 

55 diameter d3 of the shielding plate are commonly 
3mm, 18mm, and 22mm, respectiv ly. The height 
hi of the return ring 30a is 2.5mm, the height h2 of 
the return ring 30b is 5.0mm, and th distances ha 
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and h* from the return rings 30a and 30b to the 
paper are both 2.0mm. 

Fig. 14 is a sectional perspective view which 
shows an embodiment of the present invention in 
which the measurement width is made to be small- s 
er without lowering the sensitivity of detection. Like 
reference characters in Figs. 5 and 14 designate 
like elements and .duplicated description is omitted. 
In the moisture meter of the present embodiment, 
the upper and the lower reflectors 30 and 31 are to 
formed to be rectangular. The longer side of the 
upper reflector 30 is 140mm. the shorter side of 
the upper reflector 30 is 40mm, the longer side of 
the lower reflector 31 is 150mm, and tho shorter 
side of the lower reflector 31 is 50mm. The height 75 
hi and h2 of the return rings 30b and 31b is 9.6mm 
from the reflection face. The diameter of the light 
emitting hole 30a is 3mm and the diameter of the 
light detecting hole 31a is 18mm, In the moisture 
meter of the present embodiment the shielding 20 
plate 32 is square-like one side of which square is 
about 40mm, both of which sides in the longitudinal 
direction of the lower reflector 31 are bent so as to 
be broadened toward the ends, the bent portions 
being in contact with the lower reflector and being 25 
Fixed around the center of the lower reflector so 
that opened portions are located in the machine 
direction. This device is fixed to a mounting head 
with its longitudinal direction being along the ma- 
chine direction. 30 

According to the arrangement as referred to 
above, the penetrating and scattered rays do not 
come from the cross direction and only rays which 
penetrate and are scattered along the openings in 
the machine direction are detected. Generally, in 35 
an on-line measurement of moisture of paper, the 
measurement width in the cross direction is more 
important than the measurement width in the ma- 
chine direction. This arrangement is short in the 
cross direction and long in the machine direction, 40 
and therefore, the measurement width can be 
shortened without lowering the sensitivity of detec- 
tion. In the embodiment, the upper and lower re- 
flectors are rectangular, but they may be formed to 
be ellipse-like the longer sides of which are straight 45 
and the shorter sides of which are semicircular. 

Claims 

1. A measurement equipment of characteristics of 50 
paper having a light detector which detects 
light through the paper for measuring physical 
characteristics of the paper according to a 
signal from the light detector comprising: 

an upper reflector which has a returning 55 
portion at the periphery; 

a lower reflector which has a returning 
portion at the periphery and which is disposed 



on the opposite side to the upper reflector with 
respect to the paper; and 

a shielding plate both sides of which are 
mirror finished and which is disposed between 
the paper and the lower reflector. 

2- An infrared ray moisture meter for measuring 
moisture contained in paper using absorption 
of infrared rays comprising: 

means for applying to the paper infrared 
rays of a first wavelength range which are 
absorbed by moisture, infrared rays of a sec- 
ond wavelength range which are absorbed by 
cellulose, and infrared rays of a third 
wavelength range which are absorbed neith r 
by moisture nor cellulose; 

a detecting means which detects the in- 
frared rays of tho first wavelength range, the 
infrared rays of tho second wavelength range, 
and the infrared rays of the third wavelength 
range from rays that penetrate or are scattered 
by the paper and which generates output V M , 
V c , and V R which correspond to the strength of 
the infrared rays of the three wavelength 
ranges, respectively: and 

a calculating means to which the output 
V M . V Ct and V R are given, which calculates V Q 
= {f(a*VM/VR)}/{f(b*V c /V R )} (a. b: constant, f: 
function) and which outputs the value of V Q as 
output of the moisture meter, whereby the in- 
fluence of the quality of the paper is lowered. 

3. The infrared ray moisture meter of claim 2 
characterized in that the upper and the lower 
reflectors are formed to be disc-like and the 
outer diameter of the upper reflector is made 
to differ from each other. 

4. The infrared ray moisture meter of claim 2 
characterized in that the upper and the lower 
reflectors are formed to be rectangular or 
ellipse-like, at least the longer sides of the 
upper or the lower reflector are formed to be 
shorter than the longer sides of the other re- 
flector, the longer sides of the upper and the 
lower reflectors are disposed in the moving 
direction of the paper, and the shorter sides of 
the upper and the lower reflectors are dis- 
posed in the direction which is orthogonal with 
respect to the moving direction of the paper. 
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